Shuter, 2018). We use lakes that have both nearshore and offshore intermediate consumers to 1 4 7 ensure that changes in food web structure or predator behaviour are not driven by differences in for several physical and chemical factors that have been previously identified as important 1 7 1 drivers of habitat coupling or trophic position in boreal shield lakes (Table S1, all provided by 1 7 2 the Ontario Ministry of Natural Resources, Dolson et al. 2009; Tunney et al. 2014 Tunney et al. , 2018 : lake 1 7 3 surface area in hectares, mean lake depth in metres, Secchi depth in metres, and total phosphorus 1 7 4 in μ g•L -1 , and lake shape (calculated the shoreline development index): SDI = (Shoreline We used four species that are typical of their respective trophic groups. Stable isotope 1 7 8 data for these species was available for 40 or more lakes and the trophic level, thermal 1 7 9
classifications, and habitat preferences for these species are known (Coker et al., 2001 ; Hasnain , 2013) . Lake trout (Salvelinus namaycush) is the most common top predator of offshore 1 8 1 habitats in boreal shield lakes, and much research on boreal shield lake food webs has focused on 1 8 2 this coldwater species (Dolson et al., 2009; Guzzo et al., 2017; Plumb & Blanchfield, 2009 ; T. D. Information). The number of individual for each species sampled for stable isotope analysis in 1 9 1 each lake varied from two to 21 (mean 13.5) for lake trout, three to 32 (mean 17.0) for walleye, 1 9 2 one to 20 (mean 10.8) for cisco, and one to 18 (mean 9.1) for yellow perch. For both lake trout 1 9 3 and walleye, only individuals greater than 250 mm were used for stable isotope analysis because As in many previous studies, we used stable isotopic signatures from our four fish species Tunney et al. 2014, 2018) . We used baseline invertebrates from the nearshore and offshore zones 2 0 4
to account for variability in isotopic signatures across lakes. We incorporated data for multiple 2 0 5 trophic groups into both our nearshore and offshore baseline isotopic signatures to reduce the 2 0 6 number of estimated baseline values required for our analysis and to increase the sample size for 2 0 7 our baseline isotopic signatures. We corrected all δ 13 C signatures using C:N ratios as We used two source mixing models to estimate the nearshore carbon index and the Post, 2002). We calculated the nearshore carbon index for each fish species as
is the nearshore carbon 2 1 8 index in the diet of a fish species,
is the average δ 13 C signature for that fish species,
is the average or estimated δ 13 C signature for all offshore baselines (i.e., mussels and/or 2 2 0 zooplankton), and
is the average or estimated δ 13 C signature for all nearshore baselines 2 2 1 (i.e., snails and/or aquatic insect larvae). The nearshore carbon index is similar to the proportion 2 2 2 nearshore carbon used by others (e.g., Tunney et al. 2014) but is not constrained between zero 2 2 3 11 and one. This approach minimizes data transformation requirements of the stable isotopic 2 2 4 signatures and increases the number of lakes in our analyses while still allowing us to 2 2 5 qualitatively understand changes in the relative contribution of nearshore resources to fish diets.
6
Based on the nearshore feeding index, we estimated the trophic position of each species
is the trophic position of a fish species,
is the nearshore carbon index for that
is the average δ 15 N signature for that fish species,
is the average or 2 3 0 estimated δ 15 N signature for all nearshore baselines (i.e., snails and aquatic insect larvae),
is the average or estimated δ 15 N signature for all offshore baselines (i.e., mussels and each trophic level, and 2 is the assumed trophic position of the baseline invertebrates. Behaviour Metrics and Biomass Index Using Catch-per-unit-effort 2 3 6
We used catch-per-unit-effort data for each depth stratum (Sandstrom et al. 2013 we used log 10 transformed lake surface area and natural log transformed mean lake depth and 2 6 3 total phosphorous. We removed all data points with a Cook's distance greater than 1 from their 2 6 4 respective regression models, and we used variance inflation factor to check for inflated "glmulti" (Calcagno, 2013). We found strong evidence that lake food web structure varied across an approximately 7° C 2 7 2 climate gradient. Three of the four species showed evidence of changes in nearshore feeding 2 7 3 with increased temperature. Both top predators (lake trout and walleye) showed a significant 2 7 4
decrease in the nearshore carbon index with increasing average recent air temperature, and the 2 7 5 cold-adapted cisco showed a similar marginally significant decrease ( Fig. 2a , c, and e, Table S3 ).
7 6
The cool-adapted yellow perch showed no significant relationship between average recent air 2 7 7
temperature and the nearshore carbon index (Fig. 2g , Table S3 ). Lake trout showed a significant 2 7 8 increase in trophic position with increased average recent air temperature (Fig. 2b, Table S3 ), but 2 7 9
cisco, walleye and yellow perch showed no significant relationship between trophic position with 2 8 0 increasing average recent air temperature (Fig. 2d , Table S3 ). In agreement with changes in nearshore carbon index, the same three species (lake trout, 2 8 4 walleye, and cisco) showed strong evidence of reduced nearshore habitat use. All three species 2 8 5 showed a significant increase in mean depth of capture with increasing average recent air 2 8 6 temperature (Fig. 3a, c , and e, Table S3 ). Consistent with these results, lake trout and cisco 2 8 7 showed a significant decrease in probability of nearshore presence and walleye showed a air temperature (see Supplementary Information) . In contrast, yellow perch showed no 2 9 0 14 relationship between either mean depth of capture or probability of offshore presence and 2 9 1 average recent air temperature ( Fig. 3g and inset, Table S3 ).
9 2
We found evidence of a reduction in biomass with increasing temperature for one 2 9 3 species, lake trout, which showed a significant decrease in CUE biomass index with increasing 2 9 4 average recent air temperature (Fig. 3b , Table S3 ). In contrast, cisco, walleye, and yellow perch 2 9 5 showed no significant relationship between average recent air temperature CUE biomass index 2 9 6 ( Fig. 3d , f and h, Table S3 ). Understanding how climate change is altering whole food webs is a challenging but critical 3 0 0 endeavor for understanding the responses of whole ecosystems. Previous research showed that 3 0 1 lake trout (Salvelinus namaycush), a generalist top predator in lake ecosystems, responds to 3 0 2 increased temperature by reducing its nearshore habitat and resource use, and its degree of levels to warming to nearshore-derived carbon and offshore habitat use. In fact, temperature was 3 1 0 the most significant variable for predicting food web structure in this study (see Supplementary   3 1 1
Information). By harnessing the variation in food web structure across natural temperature 3 1 2 15 gradients, we have detected consistent food web responses to warming in boreal shield lake 3 1 3 ecosystems.
3 1 4
We found strong evidence of foraging and behavioural responses to increased temperature in 3 1 5 three of the four key food web members that we examined. As expected, our cold-adapted 3 1 6 species, the predatory lake trout and the planktivorous cisco, showed decreased nearshore 3 1 7
feeding and decreased near-shore habitat use with increasing temperatures. Our results are 3 1 8 consistent with the thermally accessibility hypothesis that has been previously shown for lake these thermal constraints likely operate on whole offshore fish communities, causing them to 3 2 2 respond uniformly to warming. We found that the cool-adapted piscivorous walleye showed 2013), the reason for the different responses of these species is unclear. Despite the lack of 3 2 7 response in yellow perch, the foraging responses of these fish species strongly indicate that 3 2 8
boreal shield lake food webs will collectively flex towards offshore resource and habitat use in 3 2 9 response to warming.
We found evidence that a reduction in nearshore coupling with warming may impact the 3 3 1 biomass of lake trout. The biomass of lake trout decreased significantly with increased 3 3 2
temperature, but none of the other species showed this pattern (Fig. 3) . Such reductions in biomass with increasing temperature may be a consequence of a reduction in overall energy pathway in warm lakes could therefore reduce overall energy availability for lake trout and so Our results demonstrate that many mobile generalist consumers at trophic levels and 3 5 1 throughout compartments drive flexibility throughout food webs in boreal shield lakes. Our work 3 5 2 builds on previous studies that have started to expose the role that single generalist top predators 3 5 3 species play in determining food web responses to climate change in many ecosystems (Barton , 2009; Eloranta et al., 2016; Woodward, Perkins, & Brown, 2010) . The presence of Dunne, 2010). This switching ability also increases trophic redundancy, which can prevent The presence of many responsive consumers increases stability in complex food web models 3 7 8 (Kondoh, 2010; Valdovinos et al., 2010) . This reveals a potential powerful, repeated stabilizing mechanism throughout food webs that Levin (1998) Our work here adds a key piece to the mounting evidence that generalist consumers likely to Landscape and Food Web Ecology : The Dynamics of Spatially Subsidized Food Webs.
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Annual Review of Ecology and Systematics, 28(1997) , 289-316. 2007) . Getting to the fat of the matter: Models, methods and assumptions for dealing with 5 2 5
